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ABSTRACT
Although the tuberculin test represents the main in vivo diagnostic method used in the 
control and eradication of bovine tuberculosis, few studies have focused on the identification 
of mycobacteria in the milk from cows positive to the tuberculin test. The aim of this study 
was to identify Mycobacterium species in milk samples from cows positive to the comparative 
intradermal test. Milk samples from 142 cows positive to the comparative intradermal test 
carried out in 4,766 animals were aseptically collected, cultivated on Lowenstein-Jensen and 
Stonebrink media and incubated for up to 90 days. Colonies compatible with mycobacteria 
were stained by Ziehl-Neelsen to detect acid-fast bacilli, while to confirm the Mycobacterium 
genus, conventional PCR was performed. Fourteen mycobacterial strains were isolated from 
12 cows (8.4%). The hsp65 gene sequencing identified M. engbaekii (n=5), M. arupense 
(n=4), M. nonchromogenicum (n=3), and M. heraklionense (n=2) species belong to the 
Mycobacterium terrae complex. Despite the absence of M. tuberculosis complex species 
in the milk samples, identification of these mycobacteria highlights the risk of pathogen 
transmission from bovines to humans throughout milk or dairy products, since many of 
mycobacterial species described here have been reported in pulmonary and extrapulmonary 
diseases both in immunocompetent and immunocompromised people.
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INTRODUCTION
The genus Mycobacterium comprises a wide range of organisms, including 
(i) obligate pathogens belonging to the M. tuberculosis complex, which cause 
serious human and animal diseases; (ii) opportunistic or potential pathogens, mainly 
represented by the M. avium-intracellulare complex; and (iii) saprophytic species1. 
Historically, M. tuberculosis and M. bovis are the major pathogenic species of 
human and bovine infections caused by this pathogen, respectively. NTM species 
are emerging causes of human diseases of global significance2, and this group 
of mycobacteria has been increasingly reported as primary pathogens causing 
pulmonary and extrapulmonary infections3.
Tuberculosis remains one of the major cattle infectious diseases worldwide, 
due to losses caused by reduced meat and milk yield, carcass condemnation in 
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slaughterhouses, and embargoes to the trade of cattle 
products, as well as the zoonotic potential of the pathogen, 
particularly due to its presence in milk4. 
Milk is well-recognized as a potential vehicle for 
bovine-to-human pathogen transmission, particularly for M. 
bovis or NTM5. Although pasteurization kills mycobacteria, 
raw milk consumption is a habit that remains in some 
countries, and this pathogen represents public health threats; 
as it was estimated that M. bovis is the primary agent of 2% 
pulmonary and 8% extrapulmonary infections in humans6. 
Although the single and intradermal comparative cervical 
tests represent the main in vivo diagnostic method used 
in the control and eradication of the disease in bovine, 
globally7, few studies have focused on the identification 
of mycobacteria in milk from positive cows in tuberculin 
tests8. In addition, mycobacteria other than M. bovis, such 
as NTM, may interfere with current intradermal diagnostic 
tests for bovine tuberculosis9.
Routine laboratory diagnosis of mycobacteria is 
based on microbiological culture and biochemical tests. 
Nevertheless, these conventional procedures may take 
several weeks, are laborious, and sometimes fail to provide 
a precise species identification. In this scenario, various 
molecular methods have been developed for rapid detection 
of mycobacteria10,11. Among these methods, targeting hsp65 
gene and DNA sequencing are valuable techniques for 
microbiological confirmation and typing of mycobacteria 
species of animal origin12. The aim of this study was to 
identify species of mycobacteria by microbiological and 
molecular methods in the milk from cows positive to the 
intradermal comparative cervical tuberculin test.
MATERIAL AND METHODS
This study was approved by the Ethics Committee 
on Animal Use (CEUA) guidelines at FMVZ-UNESP/
Botucatu, SP (protocol Nº 96/2014).
Animals and tuberculin test
Between August 2014 and August 2015, from 15 
counties in the State of Paraná, Brazil, 4,766 lactating 
animals were tested with the intradermal comparative 
cervical tuberculin test; out of them, 142 animals were 
positive. The intradermal comparative cervical test was 
carried out by local veterinarians from the official Brazilian 
Program for the Control and Eradication of Brucellosis and 
Tuberculosis (PNCEBT), Brazilian Ministry of Agriculture, 
Livestock and Supply13. The intradermal comparative 
cervical tuberculin test was performed according to World 
Organization for Animal Health-OIE based on the cervical 
intradermal injection of 0.1 mL of bovine and avian 
tuberculin (distance between injections about 15 cm), and 
measuring response 72 h later. The cut-off value of positivity 
in the skin reactions of bovine site injection compared with 
the avian site was >4.0 mm14.
Milk sampling
Milk samples were collected just once from the positive 
cows, as the official Brazilian tuberculosis control program 
requires euthanasia of animals diagnosed as positive in 
the intradermal comparative cervical tuberculin test13. 
One hundred and forty-two milk samples (pool from 
all mammary quarters of each animal) were aseptically 
collected in sterile tubes after teat cleaning with 1% iodine 
solution. Samples were immediately stored in isothermal 
containers (4-8 oC) and subsequently frozen in the laboratory 
(-20 oC) until they were used in the microbiological and 
molecular techniques.
Mycobacterial cultures
A 40 mL sample of pooled milk comprising 10 mL 
of each mammary quarter was centrifuged at 7,280 g for 
20 min15 and a direct smear from the pellet was stained 
by Ziehl-Neelsen (ZN) for the identification of acid-fast 
bacilli (AFB). After that, the supernatant was discarded and 
the pellet was subjected to the Petroff method with some 
modifications16; subsequently, microbiological culture on 
Löwenstein-Jensen and Stonebrink media7 was carried 
out. Samples were kept at 37 oC in aerobic conditions up 
to 90 days. Colonies compatible with mycobacteria were 
subjected to ZN staining for the identification of AFB to 
perform phenotypic classification. Standard M. bovis (AN5) 
and M. avium (D4) strains were used as microbiological and 
molecular methods positive controls.
DNA amplification and hsp65 gene sequencing
The genus Mycobacterium was confirmed by PCR 
and species classification was based on hsp65 gene 
sequencing. DNA extraction was performed by the 
phenol-chloroform method. PCR amplification was 
carried out as described by Telenti et al.17 using the TB11 
(5’-ACCAACGATGGTGTGTCCAT-3’), and TB12 
(CTTGTCGAACCGC ATACCCT 5’-3’) primers targeting 
the 441 bp fragment of the hsp65 gene. The amplicon 
was purified with the Illustra GFX PCR DNA and Gel 
Band Purification (GE Healthcare Life Sciences) kits, and 
quantified by NanoDrop (Thermo Scientific). All samples 
were sequenced in forward and reverse directions by the 
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Sanger method in an ABI 3500 Genetic Analyzer® (Applied 
Biosystems) automated sequencer. 
Sequences were edited in Chromas Lite 2.6, aligned 
with the BioEdit 7.2.5 program using the ClustalW 
algorithm; consensus sequences were built for each 
sample and compared with GenBank sequences for 
species determination. A phylogenetic tree was constructed 
with the neighborjoining method18 using the Mega7 
software19. Mycobacteria from previously described milk 
samples were used as internal roots, such as M. terrae, M. 
nonchromogenicum, M. gordonae, and the M. tuberculosis 
complex5. Corynebacterium spp. was used as one outgroup. 
Statistical reliability was confirmed by the Bootstrap 
method with 1,000 replicates. To determine the similarity 
of species, a dendrogram was generated based on the hsp65 
gene using 10 restriction enzymes. 
Sample size estimation
The sample size was calculated with the open epi site 
based on the following parameters: the population estimated 
in 1,715,686 cows, in production20, a prevalence of bovine 
tuberculosis in the State of Paraná, Brazil, estimated to 
be about 3%21, a 95% confidence level, and 5% absolute 
error22. Thus, a minimum sample of 120 positive cows was 
estimated for the tuberculin test. 
RESULTS
Animals and intradermal comparative cervical 
tuberculin test 
From a total of 4,766 lactating cows subjected to the 
intradermal comparative cervical tuberculin test, 142 
(2.98%) [CI = 2.49 - 3.46] were positive. Among these 
142 positive cows, age ranged from 3 to 14 years, with a 
mean age of 7.17 ± 2.57 years, and age between 3-4 years, 
5-6 years, 7-8 years, 9-10 years, and >10 years were 19% 
(n=27/142), 28% (n=40/142), 23% (32/142), 20% (29/142) 
and 10% (14/142), respectively.
Mycobacterial culture
Out of the 142 milk samples coming from tuberculin 
positive cows, three (2.1%) were ZN-positive in the 
smear before culture, 12 samples (8.4%) showed cream 
or orange colonies in Lowenstein-Jensen and Stonebrink 
media suggestive of mycobacteria observed with isolation 
time on average of 30 days (ranging from 17 to 46 days). 
Within the 12 samples, two showed two types of colonies 
with different morphological characteristics, comprising 14 
isolates. Furthermore, all the 14 isolates were ZN-positive 
after microbiological culture. The three smears ZN-positive 
before microbiological culture and the 14 smears 
ZN-positive after culture produced colonies compatible 
with mycobacteria. 
Molecular diagnosis
All the 14 colonies compatible with mycobacteria 
yielded a 441 bp fragment of the hsp65 gene in PCR, 
confirming the Mycobacteria genus. Sequencing of the 
hsp65 gene identified mycobacteria species in the 14 
isolates sharing more than 98% identity (Table 1) and 
compared with GenBank reference strains identified as 
follow: M. engbaekii, M. arupense, M. nonchromogenicum, 
and M. heraklionense.
The phylogenetic tree (Figure 1) shows four clusters 
belonging to nontuberculous mycobacteria grouped in 
the Mycobacterium terrae complex23. A hsp65 gene 
dendrogram revealed three subclusters with 76.0% of 
genetic relatedness, particularly for M. engbaekii and M. 
arupense cluster, and for M. nonchromogenicum and M. 
heraklionense cluster (data not show).
DISCUSSION
This study revealed the occurrence of 2.98% cows 
positive to the intradermal comparative cervical tuberculin 
test for bovine tuberculosis, which can be attributed to the 
study target population, corresponding to lactating cows that 
remain in close contact with other cattle, fact that favors 
the infection by the pathogen24.
The detection of 14 isolates of nontuberculous 
mycobacteria in milk from cows positive to the tuberculin 
test is a finding that raises public health concern, since 
these opportunistic mycobacteria are emerging causes of 
infectious diseases in humans3 and animals8; as the species 
detected in this study have recently been reported as primary 
causes of pulmonary and extrapulmonary infections in 
immunocompetent and immunocompromised humans23,25,26.
M. tuberculosis complex species were not identified 
among mycobacteria species isolated from the milk of 
animals positive to the intradermal comparative cervical 
tuberculin test, particularly M. bovis. The absence of M. 
bovis identification in milk of sampled animals may be 
partially attributed to the intermittent shedding of pathogen 
to milk in bovine mammary infections27. In addition, 
M. bovis infections may occur in other organs without 
involvement of mammary glands. In this case, the animal 
may be positive to the intradermal comparative cervical 
tuberculin test without any shedding of the pathogen to 
Bolaños et al.
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milk. This fact may be considered a main limitation of the 
current study, because it was not possible to obtain other 
milk samples or samples from organs of the animals as 
animals positive to the comparative intradermal test are 
required to be euthanized by the Brazilian Program for the 
Control and Eradication of Tuberculosis13. In a similar study 
in Argentina, in which only one milk sample was collected, 
none M. bovis isolate was detected in milk using PCR 
among cows positive to the comparative intradermal test28. 
In this context, other authors in Belgium29 and England27 
have reported only 4% and 5% of M. bovis, respectively, 
using microbiological culture in a single milk sample of 
cows positive to the tuberculin test. This circumstantial 
evidence suggests low and/or intermittent shedding of M. 
bovis in infected cows’ milk, and that repeated sampling of 
milk from the same positive animal may increase success 
rates in the mammary identification of the pathogen.
Mycobacteria other than M. bovis, such as NTM, may 
cause cross-reactivity and the interference in the routine 
intradermal antemortem tests for bovine tuberculosis 
leading to false positive results30. In addition, geographical 
variations may also play a role in intradermal diagnostic 
failure because of differences among exposure of animals 
to mycobacterial species. In this scenario, a comprehensive 
study investigated mycobacteria obtained from bovine 
and deer in the United States and detected a diversity 
of NTM species in animals from both, abattoir and field 
conditions, including M. terrae complex; and hypothesize 
that NTM sampled from field conditions are more likely 
to interfere with current intradermal diagnostic tests for 
bovine tuberculosis detection9. Despite the lack of M. 
tuberculosis complex identification, particularly M. bovis 
in milk collected in field conditions from positive cattle to 
intradermal comparative cervical tuberculin test, as well 
as the impossibility to access organs of animals due to the 
need of euthanasia required by Brazilian Program against 
disease13, detection of NTM species from animals positive 
to the tuberculin test in the current study alerts to the 
Table 1 - Identification of the isolate, speciation, statistical measures of significance, and accession numbers of mycobacteria 
detected from raw milk cows according to BLAST. Brazil, 2014-2015
Isolate 
Number Species
Maximum 
Score Total score Cover E-value Identity Access
1 M. arupense 630 630 100% 5E-177 99% FJ263631.1
2 M. engbaekii 634 634 100% 4E-178 99% JN571196.1
3 M. arupense 597 597 100% 5E-167 98% JF491325.1
4 M. nonchromogenicum 597 597 100% 5E-167 98% JX294382.1
5 M. nonchromogenicum 636 636 100% 1E-178 99% JN571193.1
6 M.engbaekii 641 641 100% 2E-180 100% JN571196.1
7 M. engbaekii 619 619 100% 1E-173 99% JN571196
8 M. heraklionense 597 597 100% 5E-167 98% JN571192
9 M. arupense 625 625 100% 2E-175 99% JN571186.1
10 M. engbaekii 614 614 100% 5E-172 99% JN571196.1
11 M. engbaekii 641 641 100% 2E-180 100% JN571196.1
12 M. nonchromogenicum 636 636 100% 1E-178 99% JN571193.1
13 M. arupense 619 619 100% 1E-173 99% JN571186.1
14 M. heraklionense 597 597 100% 5E-167 98% JN571192
Figure 1 - Phylogenetic relationship among species of 
mycobacteria (M. engbaekii, M. arupense, M. nonchromogenicum, 
and M. heraklionense) identified in raw cow milk, revealing the 
presence of 4 clusters (I, II, III, IV). The phylogenetic tree was 
analyzed by the neighborjoining method and the Bootstrap test 
with 1,000 replicates. Botucatu, SP, Brazil, 2016
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possibility of interference of M. terrae complex species with 
routine intradermal antemortem tests for diagnosis of bovine 
tuberculosis. These factors bring economical and ethical 
implications, since positive animals must be slaughtered30 
and there is a probability of false-positive reactions9.
Molecular detection of NTM species in cow milk in 
Brazil is a public health concern. Brazil has the second 
major commercial bovine herd in the world, estimated 
at 212.34 million animals. From these, about 25 million 
are milking cows31. Nevertheless, approximately 20% of 
the Brazilian milk is consumed without being officially 
inspected. In addition, the habit of consumption of raw 
milk and raw milk products remains in this country32, which 
increases the risk of bovine-to-human infections caused by 
pathogens shed in milk, including mycobacteria species.
NTM are widely distributed in the environment of dairy 
farms and are found in soil, manure, organic matter, plants, 
and water33. NTM infection of cattle predominantly occurs 
due to the consumption of contaminated water and food34. 
Occasionally, it occurs by the intramammary route4. The 
detection of NTM species in dairy cows was reported in 
Turkey5,35, Pakistan36, and Tanzania37. Particularly in Brazil, 
NTM were described in pasteurized milk38,39. However, 
few studies have focused on the risk of mycobacteria 
elimination in cows positive to the tuberculin tests. In this 
scenario, Pandey et al.8 found M. bovis in 18.7% (3/16) milk 
samples of cows from Zambia positive to the intradermal 
comparative cervical tuberculin test, whereas Ben Kahla 
et al.40 in Tunisia detected 4.9% (5/306) M. bovis strains 
in milk samples of cows positive to the single intradermal 
test. In Brazil, M. bovis (5.26%), M. avium (5.26%), M. 
fortuitum (10.52%), and Mycobacterium spp. (78.95%) 
were described in 780 raw milk samples from 52 cows 
suspected or positive to the Stormont test, although the 
diagnosis was based exclusively on microbiological and 
phenotypic methods41.
Globally, differentiation of Mycobacterium species 
based on molecular methods has been increasingly used 
in the routine diagnosis of the pathogen42. Amplification 
of the hsp65 gene fragments17,43 or partial sequencing 
of this marker44-47 are reliable and valuable methods for 
mycobacterial identification. However, few studies have 
focused on sequencing of mycobacteria isolated from 
bovine milk, particularly from animals positive to different 
tuberculin tests. Indeed, among 14 mycobacterial strains 
recovered using microbiological culture in the current 
study, partial sequencing of the hsp65 gene revealed 
>98% similarity with species deposited in GenBank, 
identifying M. engbaekii (n=5), M. arupense (n=4), M. 
nonchromogenicum (n=3), and M. heraklionense (n=2). 
Besides speciation, sequencing data allowed mycobacterial 
detection using different clinical specimens, as well as the 
identification of new species, contributing to the taxonomic 
characterization of bacteria and to the knowledge on 
the diversity of potentially animal-to-human pathogenic 
species23,46. 
The phylogenetic tree built with the 14 isolates showed 
four clusters, whereas the hsp65 gene dendrogram revealed 
three subclusters with 76.0% of genetic relatedness that were 
grouped in the Mycobacterium terrae complex, which has 
been reported causing chronic diseases with antimicrobial 
resistance in humans and animals23. M. heraklionense 
has been recently included in the Mycobacterium terrae 
complex46, and was reported in cases of tenosynovitis in 
immunocompetent patients48, besides its isolation in 12 
human immunosuppressed HIV-negative patients at the 
Heraklion hospital in Greece25.
M. terrae complex was characterized in 1981 including 
M. nonchromogenicum, M. terrae, and M. triviale species. 
Nevertheless, increasingly use of molecular methods in the 
mycobacterial diagnosis and emergence of clinical cases of 
human infections by NTM has enabled inclusion of new 
species into the M. terrae complex group46. Human cases 
of M. terrae complex infections are related to synovitis, 
osteomyelitis, and pulmonary infections49. M. arupense was 
described as a new mycobacterial species in 200650 and was 
reported in a case of tenosynovitis in a man over 50 years 
of age with a primary immunosuppressing disease caused 
by a coinfection26,51 and in another case of tenosynovitis 
associated with diabetes mellitus52.
M. nonchromogenicum was reported as a causal agent 
of cavitary pulmonary and extrapulmonary infections in a 
immunocompetent patient53,54. In contrast, M. engbaekii 
was initially proposed as a species in 1972, but officially 
described in clinical isolates in 2013, although the 
pathogenicity of this mycobacterium as the primary causal 
agent of infections in animals or humans remains unclear. In 
addition, gastrointestinal clinical signs in humans caused by 
M. terrae complex infections have been reported55, related 
to fish34 and milk consumption5,37,39. This circumstantial 
evidence suggests a potential oral route of infection for M. 
terrae complex species to human, highlighting the public 
health concern of the current study due to the identification 
of this group of mycobacteria in raw milk.
Despite the existence of the official Brazilian Program 
for the Control and Eradication of Tuberculosis, the 
occurrence of about 3% lactating cows positive to 
mycobacteria by the intradermal comparative cervical 
tuberculin test should be considered high, especially 
because of the large dairy herd in this country and the 
shedding of nontuberculous mycobacteria in milk. 
Sequencing data identified M. engbaekii, M. arupense, 
Bolaños et al.
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M. nonchromogenicum, and M. heraklionense belonging 
to the M. terrae complex, which has been identified in 
synovitis, osteomyelitis and pneumonia, as well as in 
gastrointestinal human infections, suggesting a potential 
oral route of infection for this mycobacterial group to 
humans. Overall, our data adds to a global awareness 
of NTM as probable confounder pathogens for current 
intradermal testing of bovine tuberculosis. In addition, 
our results represent a public health concern due to the 
emergence of NTM as current infectious diseases in humans, 
which poses a risk in countries, such as Brazil, where the 
consumption of raw milk still exists, since some of the 
mycobacterial species described here have been reported 
as primary agents of infections in both immunocompetent 
and immunosuppressed humans.
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